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- On account of mény difficulties existing in the control
of plant parasitic nematodes by chemicals or by other suita~

- " ble methods the significﬁﬁce of the breeding and the.cultivate-

. ion of resistant varieties of varicus plants cultivated is
. very great., Therefore, the knowledge of the nature of‘plant
i ' resistance to nematodey, or even some approach to d@s it can

have a great significance in breeding work. Besides, investi-
gations carried may also lead to recognition of the existence
of chemical compounds in resistant plants, the advantage of ‘
which may be found useful in the chemical control of nematodes.

.Resultg;of investigétions carried out till now on the
host=parasite = relationship existing between jpot}atov and the -
golden nematode are as follows:. B S

1. Larvae of'the»goiden\nematode entered roots of re-
sistant plants /of both_investigated hybrids/ in smaller num-
ber than those of,suScéptible plants, this difference being
greater in case of the hybrid.56¢207/48 than hybrid 56.207/52.
! Then, the differences in the ability to invade roots "6f resi-
stant and susceptible plants by larvae do not determine 'the
'resistance of potato to the golden nematode. '

s

‘2, The majority of larvae /ca 90%/ which entered roots
of hybrid 207/48 died before reaching highér-devélopmenf '
stages /above the invasive stage/, in roots of hybrid 207/52
this number being about 50%. Larvae which reached preadult*f
or adult stages were nearly all males /in both hybrids/. Fe-
males in higher stages of development'wére seen only extré-
mely rare. From these results it is clear that the death of
larvae in early‘development stages and the failure to mature
v females are the main causes of potato resistance to the gél-

den nematodeo '

[

- 1 =

C FOROFFICIAL USEONLY

- Declassified in Part - Sanitized Copy Approved for Release 2013/09/05 : CIA-RDP80T00246A020800230001—5 ﬁ



Declassified in Part - Sanitized Copy Apaproved for Release 2013/09/05 : CIA—RDP89T00246A020800230001—5
- 0 S n Fia
FOR OFFICIRL BSF oMy

3o Larvae which entered roots of'susceptible plants
. caused many changes in varlous cell elements. In cells. affe?-
: ted by nematodes a pronounced decline of. chondriosomes, that
; cell element considered today as producing enzymes in the .
plant, were seeno Besides and increase. in mitotic divisions
and oavities in nuelei were observedo_

) -
’

In resistant plants some decline of chondriosoties were
found tooy but not so pronounced as in susceptible plants. In’

- roots of these plant rather a checking effect on mitotic di- .
visions was seen and no cavities in cell nuclei were found,
In plant tissues near the head of the parasite cells with nuc-

lei which looked nearly empty were. observed, Sometimes a kind -
of rods running In cytoplasm from the nematode to the nuclei
were seen Ain these nuclei, )

As a result of reactions occuring between golden ne-
matode larvae and cell elements in roots of resistant plants,
cells situated close to the nematode die rendering impossible
‘the feeding of nematodes and consequently their death¢ S

§

4o From preliminary oytoohemical studies carried out
the supposition can be drawn that nematodes secret some sub-
stances which influence changes in cell elements. The reaction
-of root tissues to these: -secretions. seems to play the main
role in the nature of the resistance observed,

The results of investigations carried till now are '
‘an approach. to the knowledge of the nature of plant resistance
.to nematodes, Lvery step made on this way can help us to diSa
- solve the question what kind of properties should have oultim
vated plants to be resistant to plant nematodes, the control
of which is so difficult, '
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Det ailed report

1. Introduction

- This is the second annual report covering the investi- '
gation period from Aug. 1, 1961 to Dec, 31, 1962, The first
annual report covered the perfod from thé begirning of the
work, i.e. from Aug. 1, 1960 to July, 31, 1961, In the report—
ing period investigations started previously were carried
further, Works om nematodes invasion of roots of susceptible
and resistant plants as well as investigations on changes
“ occuring in cells of root tissues affected by nematodes were

carried, To study these phenomena the host parasite relation-
ship existing between potato and the golden nematode was still
. ‘1nvestigatedo ' |

In the previous period it has been established that
while larvae of the golden nematode invade roots of both sus-
ceptible and resistant potato plants the do it a little faster
and in a greater number in susceptible plants than in resistant
ones, The work in which a second resistant hybridr/56°207/48/
has been used too, was continued in the reporting peridd.

<o . Cytological investigations in the previous period have

*v been directed towards establishing the effect of nematodes on

: chondriosomes, Some observations on changes occuring in other
cells elements were made too., Investigations carried in the
reporting period were directed to study the influence 6f_ne=
matodes above all on nuslei, The planned works on vacuols could
not be started, the maj@rity of time being devoted to study
changes in nuslei,

At the end of the reporting period we could begin the
biochemical investigations. These investigations were planned
to be started earlier but we have had many difficulties in
assuring us the help of a spesialist, The preliminary investi-
gations which could be started at last have the purpose to know
e if @hanges in different cells elements observed till now are

‘connected only with the presence of nematodes /and their se-

cretions/ or if they can be caused by the presence of another
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albumen or even by every other substance introduced into root
tissues too.

2o Experimental procedures

In works on rootsiinvasion by nematodes the same mate-
rlals and methods as in previous period have been used. The
- work was enlarged in that direction that instead of one /56,
207/52/ two resistant hybrid /56.207/52 and 56.207/48/ wersé
usedo. The work with the second Lybrid Yas beérn started at the
end of the previous period. According to the plan works with -
So vernel has been started too, but the plant material obtai-
ned from seed of S, vernei was to scanty to by compared in
the experiments,

In cytological investigations besides methods used in
the previous period the maceration technique to make smears
were used too, For this purpose roots were fixed in"FAA, Car~
noys, AA or Navashin’'s fluid then macerated with 1 N HCl, pec-—
tinase or with a homogenate obtained from potato~tuber tissues
infected with a culture of Erwinia carotovora /L.R.Jones/ Hoi~
land as described in the paper of Dr opk in X/and othi. /2/.
Then the material was stained with Aceto Carmine, Acetic or-
ceiny Feulgen or Carmin in propionic acid and mounted in Eu-
paral., Besides smears microtome slides were made too., For this
purpose roots were fixed with one of the fixatives mentioned
abo¥e, embeded in paraffine, sectioned at 15-20 microns, stai-
ned with Crystal violet, Haematoxylin Heidenhain or Feulgeno.

For biochemigal works pieces of fubers were grdwn in
agar medium in Petri dishes and after the roots reached 2-3
cm following substances were injected in them by the aid bof
a capllary pippette: a/ sterilized water, b/ hen eggs albumen,
¢/ aqueous suspension of a mass of gsquashed larvae of H, ros—
tochiensis, At one day’s intervals, within 5 days, roots were
removed from the agar, fixed, embeded in paraffine, sectioned

oot sxsoss ===================================================

x/ We are very grateful to Mr, V.H.Dropkin, Ph.D., /Nemato-
logy Investigations, Crop Protection Research Branch, U.A.
D.A.y Beltsville, Maryland, USA/ for having kindly send
us the culture of Erwinia carotovora.
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at 10-15 microns and stained, To investigate the cytoplasm
contents coloured reecfiﬁns were used: for albumen the biuret
reaﬁtiﬁ for starch - Moo Manus and Jo KoJeg for lipids - sudaw

IV and. bla@k Sudan Be

30 Results

The results of investigations .on roots invasion of sus-. \
ceptible and resistant plants by golden hematode larvae are. h

summarized in figure 1, The lines on the figure represent only

these developing stages of the golden nematode- which: were:
found in roots after staininge They. do not include females
attached on roots surface no males whioh have finished their

.development and migrated from roots into the soil.,. Erom-figm,

it isvetidenivin accordance with our earlier observations, that.
more larvae /per gram of roots) entered the roots on suUSCep=-
tﬁble potato plants than those of both resistant hybrids. There:
are differences between two resistant hybrids too. The hybrigd.
207/48 appears to be more resistant than 207/52, less larvae
enteringathe roots of the former. The raté-of Foots invasion
was greate” after the appeeranae of first shoots about soil
level than before it, this difference being more distinct the:
more susceptlble was the plant.

Roots invasion of susceptible variety and resistent,hyn-'
brids 207/52 and 207/48 by golden nematode larvae reached its
peak at 20, 26 and 23 days after the planting of tubersy the
number of larvas /per gram of roots/ being 2130, 1270 and 830
respeetivelyo'After reaching their peaks the rumbers of nemss
todes in roots decreaeed'as result of adults development. /es~
pecially in roots of susceptible plants/ and. dying of larvae
/in;resistant hybrids/o

~Lines on figure 2 represent the numbers of larvae in - ,
higher stage of development /above the invasive-stage/*expres;

sed in pér cent of g1l larvae found in roots at three days

intervals after potato planting, Scarcely some per cent of:
larvae found in roots of resistant hybrid 207/48 have reached
further stages of development, after 44 days the number being

,
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11.9%. In routs of resistant hybrid 207/52 and the susceptible
variety the corresponding numbers were 47.9% and 96.1% respec—
tively., The najority of nematodes found in roots of Ssuscepti-
ble plant 44 after potatoc planting were developing females,

In roots of resistant hybrids developing females were observed
only very rérelyo Some developing males were seen especially
in roots of hybrid 207/52,

.

In cytological iﬁ%estigations on the influence of gol=
den nematode larvae on the number of mitotic divisions in cells
of meristematic reglons in susceptible plants within 41 to 2
days after invasion a stimulative effect by the presence of
nematodes was observed. Sometimes even twice the number of
mitotic divisions occuring in cells of sontrol suferial /not,
infected with nematodes/ was observed in cells of tissues in-
fected with nematodes, The nuckel in cells of meristematic re—
gion were then much larger than the normal ones and contained
more nucleoli /fig. 3/, In these cells the plasma was very
densa and rather evently distributed in them /fig. 4/. Some
differences in the mitotic division itself in cells of suscep-—
tible plants infected with nematodes as compared with control
material were seen, Namely, in cells situated alose to the
head of the nematode chromosomes in metaphase were lying very
closely one to another, dispersion of chromosomes to poles
was lrregular and the telophase was retarded. As however no 
laggards and n¢ chromosomes bridges were seen, it can be as-
sumed that there were no serious disturbance in karyokinesis,

In hair region /above the meristematic reglon/ of roots
. of susceptible plants, within 1 or 2 days after the invasion
of larvae; in cells situated in the neighbourhood /3-=4 cell
layers/ of the head of the nematode an increased nucleéi divi-
sion was observed, This division was not always accompanied
with production of new cell walls, resulting in formation of
multinucleate cells,

Within 3 or 4 days after roots invasion by larvae in
nuclei of cells situated in the neighbourhood of the head of
thejnematode very often cavities weig_seeno’The first symptom

L, =6 = '
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/possible to see already within 2 or 3 days/ was the formation
of small depressiou on the surface of the nucleus, then a lar-

) ger fissure was formed and within 5 or 6 days the cavity was
gradually enlarging, At the end of the process the cavity was
seen to occupy sometimes nearly all the nucleus, small rests
of it remaining only /fig. 5/,

In roots of resistant~hybrids;no stimulative effect on.
the number of mitotic division caused by the presence of ne-
matodes has been seen. On the contrary, in cells of the meri-
stematic reglon lying close to the head of ithe=heed—of the ne-—
matode some inhibitory effect /but not a complete check/ was
observed: the number of mitotic divisions was here a little
smaller as compared with control material, The cytoplasm in
cells of meristematic region was'notr§§'den83_as in suscepti-
ble plants and has many vacuoles /fige. 6/, The mitotic divie
sion itself in cells of roots invaded b¥-nematodes showed no
irregularities as compared with control material /fig. 7/.

o

In cells of resistant hybrids no such numerous nuclei ..
division within 1 or 2 days as in susceptible plants were ob—
ervede -

o o Within 2 or 3 days, near the head of the nematode, cells

" 4in which nuclei were only fainty or not at all stained with

b Feulgen were found /fig. 8/, These nuclel showed no morpholo-

' gical changes /besides that they had dwarfed nucleali/, no
depressions and no changes in the thickness of their membran-
nes., They were not.mechanically damaged by larvae as they were
seen 2=3 cells layers from the head of the nematode, The con—
tents of these nuclei was very poor and they looked empty. In
cells of resistant hybrid 207/52 some time nuclei with small
cavities were seen. This was not the case in cells of hybrid
207/48,

Sometimes in cytoplasm of these cells narrow rodes
which stained intensively red with Feulgen were observed., The-
se rods were iying close to.nuclei and even touched them /fig.
8/ or they looked as they were running out from the bral‘apera
ture of the nematode, Rarely, in cells with normally stained

FGB OFFICIAL USE oty
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@yt@plasm these rods were seen too., Till now the nature of
these rods was not investigated.

Sometimes, wheén in roots of resistant plants the meri-
stematic tissues in the appical reglon were heavy mechanically
damaged by strongly moving larvae; a formation of a new meri-
stematic tissue above the injured region were observed, '

In preliminary biochemical investigations in rooté‘of
susceptible plants after the injection of water or egg albu-
men'a'thickeﬁnihg of cell walls near the point of injection
within 2"day§“wére seen, After the injection of the suspehsion
of squashed larvae the formation of large /perhaps giant/.
oells rich in cytoplasm and the division of nucleili were obser—
ved° Within 3 days after the injection of suspension of lare
vae in'oells'lying close to the point of injection a granular -
oytoplasm gathering around the nucleus was found. The nucleus
grew larger, its division began., However, the cytokineze did
not occur;'only thé\cell grew larger reaching the size of a-
bout ‘2-=3 normal ones /figo 9/, With coloured reaction it was
possible to found in the cytoplasm of these cells small amounts
of albumen and lipids, and a lot of starch., However, the lon-
gevity of these enlarged cells was very short: already after
4=5 days the granulation of plasma disappeared, the nuclei
division stcppedo

In cells of resistant plants /hybrid 207/52/ after the
injections of water or egg albumen small thickening of cell
-walls were seen., After the injection of suspension of larvae
‘a heavy thickening of cell walls near the boint of injection
but no other changes as found in susceptible plants'were 0b--
served, On the other hand in cells .of resistant plants many
large starch grain were found /fig. 10/,

4, Di s cuss i‘o n

Investigatioﬁs carried in the reporting éériod on
roots invasion by nematode larvae and on the development of
- larvae in roots of suscpetible and resistant plants are the '
‘continuation of works carried out in the previous report /see
annual report Augo1, 1960 - Jul 31, 1961/o In these investi=

*FOR OFFIGIAL USE ONLY
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gations, likely as before, we found more 1arvae /per gram of
roots/ both in susceptible and gesistant plants after the
‘gppearance of the first shoots than before ito However, it
seems not likely that these differences-are due-to such phy-
siological changes in plants after the shoots are exposed to
sunlight which make the roots more attrastive to the 1arvae,
‘this suggestion being made by U.S. Department of Agriculture
in the comments to progress report no, 3 of this granto They

_ are rather connected with a greater production of new roots

- after the appearance of the first shoots, then the stronger

production of meristematis tissues suitable for nematode lar-

vae to invade them. We have even observed potato tubers /both

of susceptible and resistant varieties/ with shoots developed

#ery late but with roots éystems invaded by many larvae,

i

Low.

The degreaqe of nematode numbers in rOOES of susceptible
p1ants after they have reached thelr peaks was due to the de-
velopment of adults, These adults could not be taken into ace
‘count the reason being that males have es&@gaped into the soil
and many females /cysts/ have fallen off from roots during
their’washing from soil and the following handling to make ,'
suitable preparations for eoﬁnting larvae in them, In resis-
tant plants thé decrease of nematode numbers in roots was
‘caused to some degree(by the development of males but mainly
by .the death of larvae in root tissues. In roots of these
plants, it was not possible after some time to identify lar-
vae which have entered into them, Only'plaées Where larvae
wére:plaaed_some days ago could be traced as ‘dark spots. It
looks as if larvae have been succombed to decomposition.

Pia S

.The phenomenon that most larvae after having penetrate
into roﬁts tissues of resistant plants die before reaching
adults stages is well known. In our investigations only few

- larvae reached the third or four develormentpstages in roots
of resistant hybrid 207/48, much more in roots éf'gybrid 207/
52 /fig. 2/. The majority of nematodes of other developing
stages /above the invasive stage/ found in roots of the last
named hybrid were develsping malesollt seems that the hybrid

L~

- .,
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207/48 represents a higher degree of resistance than the
other one, However, in both_hyérias females in fourth /and
higher/ development stages were seen extremely rare,

The in@reased number of mitotic divisions observed in
sugceptible plants is favcurable for nematode development,
As a result of this division more plasma is formed which ser—
ves as food for the nematodes. On the contraty, in tissues of
resistant plants the thickening of cell walls is a disadvan—
tage for the feeding of nematodes.

| The observed multinucleate cells in hair region of roots
of susceptible plants formed probably later giant cells,

An interesting observations made in roots of susceptible
plants was the formation of cavities in nuclei., Sometimes near—
1y all the nucleus was destroyed. AS no mechanical damage of
nucleus membrane could be traced, it can be assumed that these
cavities werg caused by some chemicals secreted by nematodes.
In cells of resistant hybrid 207/48 no such cavities were seen,
but in hybrid 207/52 sometimes nué¢lei with small cavities were
observed, It séems then that the second hybrid possess a lower
degree of resistance than the former, the fact being in accor-
dance with observations mentioned above,

From nuclei which looked empty found in cells of resis%
tant plants probably the chromatine frame and DNA were dissol=
ved /by substances secreted by nematodes/ and washed out as
they showed no mechanicsal damage. My be, rods seen in cytoplasm
of these cells, whl@h s@metimes were nearly touching the nuclei
sometimes l@oked as if they were running out from oral apertu-
re of nematodes are these secretions? Similar rods have been
observed by Dropkin and Nelson /1/,

In roots of susceptible plants no cells which have the
appearance to be empty no rods in cytoplasm were seen. In these
plants all nuclei were stained well with Feulgen,

The formation of enlarged cells in roots of susceptible
. plants within 2 days after the injection of suspension of squa=
é shed larvae, these changes being not observed after the inject-

= 10 =
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ien'ef water or egg mlﬁumemg alows to suppose that these
changes were e@nueeeed with the presence in larval suspension
of some subsrances goting like auxing, which caused that ‘the
‘enlarged cells grew seﬁendly mefis&énatieo In connections with
_ these changes many food are directed to the- enlarged cells,
Ty the synthesis of plasma and nuslei division oce¥, In our ine
’ vestigations ths time of the acting of the stimulus was very
K " short: pr@bably’the ammount of secretion injected into the
- - rroots with nematode suspension was very small., Therefore after
Rl 4=5 days the granular cytoplasm disappeared and nucleil dlviSa
' ion stopped, However, in roots, when feeding larvae secret
substances during a long time the result of it is the formata
ion of glant cells, It is interegti tha thflcontents of .
» plasma found in our investigations as “y’§iﬁfier that of
" giant eells from the same potato. varie%yo

~An interesting ‘phenomenon observed in roots of resis— ,
tant plants was the presence of many large starch grains in -
cells Lying_elose to the injection point of larval suspension
/figs 10/, -Probably this is connected with an increased pro-
duetien of starch in leu@oplasteeeaused by parasiteso,Similar
ebservations with respest to plants injured by parasites were
v made by G u i lliermond /3/e My be, there ogcur re—
actions which render the change of starch to sugar more dif-
ficult deexeasiﬁg in some degree the possibillty to take food
by nematodeso

4%

5. Conclusions

Investigations carried out in the reporting period were
the continuation of work etarted‘pre#iouslyo_It was found that
golden'nematode larVae"invade'roots of resistant potato plants
in a smaller rate than those of susceptible ones, however, the
number of larvae inveding roots of resistant plants was highe

_ Then, the differences in the ability to invade roots of resis-
Y tant and susceptible plants by larvae do not determine the re—=
' - sistance of potato to the golden nematode., The death of larvae

in early development stages and the failure to mature females
_are_the main couses of this reeistaneee,Cytological changes

FUR OFFICIAL USE QMY
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aobserved in cells elements /mainly in nuelel and partially
in cytoplasm %oo/ confirm the supposition made already in the
. previous period that the nature of plant re31stance to nema-
tode /investigated on potato golden nematode relationship/ is
based on differences ocwuxlng in cyto= and biochemigal react= ’
'1ona ocouring between both susceptible and resistant plants
and nematodes invading: theme Preliminary biochemical investi- » _
gationa seem to point. out that nematodes secret into root . oy
tissues some substances which influence changes in cell ele-

ments. The reaction of plants to nematodes secretions seems e
to play the main role in the nature of the resistance obser- ;

vedo - - ' . - 8

69 Plan for future work ) ' “ '

The plan for the following year /Jano1 1963 - Dec°31,
1963/ include further work based on the ‘host/pardsite rela-
tionship existing between potato and the-golden nematode,'naw
mely: ot . - O PR
1o Investigatlons on changes in oytoplasm and vacuoles
in roots>of susceptible and resistant potato plants aftexr:
their invasion by nematode larvae. '

26 Investigations on factors of a chemical nature taking
part'in the processes under observation occuring in cells of
both susceptible and resistant plants affected by golden ne-= " Q i
matode larvae. - : : ' o

/
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Pigures

. 10 ‘ “ | : "-‘
Numbers of golden nematode larvae /per gram of roots/ found

in roots of susceptible potato variety /Dar/ and two resistant
hybrids at successive time intervals. _ ‘ '

2o

Number of nematodes in higher stages of development /ébbve'
the invasive stage/ found in roots of susceptible potato va-

w riety and two resistant hybrids at successive time intervals,
’ ~ expressed as per .cent of all nematodes found in roots.
~ ~ ‘Smears of meristematic tissue from root of susceptible plant
- infected with nematodes /ca x 700/, a = nuclel with many nu-

cleoli, Hr = larva. _ '
4,

Transverse section in thé meristematic region of a root of
susceptible plant infected with nematodes. On can see the den-
se plasma and nueclei division. a = nucleus with cavit%f, Hr -
larvao - o - , ' ‘ A
. o %e B
Longitudinal section in hair region of root of susceptible
"plant 3 days after larval infection., a -~ cavities in nuclel,
b -~ the gathered celluloze from dissolved cell walls, Hr =
larva, ' B : . »

6o

. Transverse. section in the meristematic region of a root of
resistant plant three days after larval infection. b = necro-
tic tissue, v = vacuoles, Hr = larva, The plasma is not so

« e

\ ‘dense as in susceptible plants /fig. 4/
R 79 ’ ’,‘ R
Smears of meristematic tissue from root of resistant plant

. ~ infected with nematodes. One can see the mitotic division of
the nucleus, . L : S
o | -
Transverse section in the hair region of a root of resistant.
- plant five days after larval infection. b = necrotic tissue,
- n = empty nuclei, w = rods running in cytoplasm, Hr = larva.
T . “ 9"2 - «,.,.,,‘/ . . R - . -/
- Longitudinal section in the hair region of a root of suscep-
o ~.tible plant after the injection of larval suspension’/ca;x
Y - 530/, a = point of injec¢tion, b = enlarged cells, n = nugleus,
: p = granular plasma. ‘ i ; ’
o 10, : L , 3
Longitudinal section in the hair region of a resistant plant
“after the injection of larval suspension /eca x 170/, a = point
of -injection, b = thickened cell walls, ¢ = large starch grainse.
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